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OpenAl ‘agent’
hacked an Australian
health service website

Al lab took months to spot the problem, which Prime RESUME
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Minister Anthony Albanese called ‘obviously PLAY | 00:38
unacceptable’
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US-Chinarelations

Xi arrives for high-stakes summit with Trump
as leaders extend trade truce

Screenshot



The first publicly reported hack of a government website by an “agent” — bots
that can perform complex tasks independently based on human instructions —
is likely to heighten anxiety that technological advances are rapidly reaching a

point where Al breaks free from human control.

OpenAl said the agent that breached Medicare “took actions we did not
intend”. It spotted the problem during a review of its agents’ behaviour in
internal training exercises, launched after its agents hacked the start-up

Hugging Face in late July.

The Hugging Face incident, which OpenAlI took more than a week to detect,
involved hundreds of agents that organised in secret within the lab’s system,
gained access to the internet and broke into the start-up while trying to

complete a cyber security test.

That hack sparked global scrutiny of Al safety issues, which intensified when
Anthropic researcher Jacob Coxon resigned earlier this month with grave

warnings about advanced models wiping out humanity.



Meta Platforms <+ Add to myFT)

Mark Zuckerberg unveils Al ‘charm’ device
that can fit on a keychain

Social media chief says the Muse personal assistant is the ‘centrepiece’ of his Al vision
after launch success

Meta’s Mark Zuckerberg used the company’s  Screenshot event to announce Muse Charm © AP Photo/Jeff
Chiu
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Muse Charm is a small pendant-like device that fits on a keychain and is activated by a fingerprint sensor

The release of a breakout product to Meta’s 3bn users caps a turbulent two
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As Xi Visits Trump Greets Xi for State

Washington, Trump Visit Amid Tensions

Pl D Ch. 9 The two-day visit comes as the
ays Lown mag U.S. and China jostle over trade

Actions Against U.S. and artificial intelligence.

Interests

See more updates »
Despite the rivalry between the
U.S. and China, President
Trump has repeatedly found

More Americans Have a Sela Shiloni for The New York Time

ways to give President Xi ll;o:ll tl;ﬁ View of China, The Lucas Museum’s Architect
JHping lpiass, PortayLg o oonew Wants to Help You Escape from
as a friend. (J365 3
. Reality
Ma Yansong, China’s reigning starchitect, lets his
buildings wrapped in nature do the shouting.
U.S. and China Agree to 8 MIN READ
Extend Trade Truce by 2

Months, Bessent Says

4 MIN READ
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ALMA, the Atacama Large Millimeter Array
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The Antennae Galaxies
(also known as NGC 4038
and 4039) are a pair of
distorted colliding spiral
galaxies about 70 million
light-years away, in the
constellation of Corvus
(The Crow)
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James Clerk Maxwell (1831-1879)



If 7 acts like a vector, combining two I’s as inner product generates a scalar.
= B ( d 0 6 d 6 0 ) ik
~Grar ayay 0z0z) 0x2

This 1s an operation to be acted on functions.

v \?’U—\7zu—azl]+azu+az
B T 0x2  0y?  0z2

This operation 1s called Laplacian °

E=VV ©7.F P
€0

Plug the first formula into the second :

\7 . E‘) = \7 . (\7[/) = 2%y = ﬁ Pierre-Simon Laplace 1749-1827
€0

Electric Potential satisfies Laplacian Equation!

2y O VA L VA ) VAR
vV V — N > + > + > = —
0 dx dy 0z o




Using differential Maxwell Eq, EM wave equation 1s easy to derive. (‘

Maxwell Equations in vacuum

V'E=O V'B:() V)(E:—— VXB:MOEOE

Spatial change of electric fi€ld is interrelated to temporal change of magnetic field.

Wave Equation for Electric Field




Ax(BxC)  Triple Prodcut (‘
Calculate the components directly:
[Ax(BxC)] = Ax(ﬁxf)y — A, (BxC)

= A,(B,Cy — B,C,) — Ay(B,C, — B,C,)

= B,(A,C, + A,C,) — (AxBx + A, B,)C,

= B,(A,C, + A,C, + A,C,) — (AxB, + AyB, + A,B,)C,
=B,(4-C) - (4-B)C,
Similar Formula is true for the other two components of Ax(BxC).
[Ax(BXC)], , = Byy(4-C) = (4-B)Cy,
Write the expression in the notations of vectors.
Ax(BxC)=B(A-C)—(4-B)C

Vx(VxF) =V(V-F) = (V-V)F =V(V-F) — V?F



3. TRIPLE PRODUCTS

There are two products involving three vectors, one called the triple scalar product
(because the answer is a scalar) and the other called the triple vector product
(because the answer is a vector).

B xC

C sin

-

Figure 3.2
Area = |B x C|

Figure 3.1

Triple Scalar Product This is written A - (B X C). There is a useful geo-
metrical interpretation of the triple scalar product (see Figure 3.1). Construct a
parallelepiped using A, B, C as three intersecting edges. Then |B x C| is the area

of the base (Figure 3.2) because |B x C| = |B||C|sinf, which is the area of a
parallelogram with sides |B|, |C|, and angle #. The height of the parallelepiped is
|A|cos ¢ (Figure 3.1). Then the volume of the parallelepiped is

B| |C|sinf|A|cos¢p =|B x C||A|cosp=A - (B x C).

If ¢ > 90°, this will come out negative, so in general we should say that the volume
is |A - (B x C)|. Any side may be used as base, so, for example, B - (C X A) must
also be either plus or minus the volume. There are six such triple scalar products,
all equal except for sign [or twelve if you count both the type A - (B x C) and the
type (B x C) - A)].



Triple Vector Product Thisis written A X (B x C). Before we try to evaluate
it, we can make the following observations. B X C is perpendicular to the plane of
B and C. A x (B x C) is perpendicular to the plane of A and (B X C); we are
particularly interested in the fact that A X (B x C) is perpendicular to (B x C).

Now (see Figure 3.4) any vector perpendicular to B X C lies BxC
in the plane perpendicular to B X C, that is, the plane of B f
and C. Thus A x (B x C) is some vector in the plane of B
and C, and can be written as some combination aB +bC, where C
a and b are scalars which we want to find. (See Chapter 3,
Section 8, Problem 5.) One way to find a and b is to write out
A X (B X C) in component form. We can simplify this work
by choosing our coordinate system carefully; recall that a vector
equation is true independently of the coordinate system. Given Figure 3.4
the vectors A, B, C, we take the = axis along B, and the y axis

in the plane of B and C; then B X C is in the z direction. The

vectors in component form relative to these axes are:

B = B,i,
(3.4) C = C,i+Cyj.
A= Agi+ Ayj+ Ak

Using (3.4) we find

B X C = B;i X (Cpi+ Cyj) = B:Cy(i X j) = B:Cyk,
(3.5) A X (BxC)=A4;B;Cy(i xk)+ AyB:Cy(j X k)
— Ay B,Cy(—j) + AyB.Cy(i).



We would like to write A X (B X C) in (3.5) as a combination of B and C; we can
do this by adding and subtracting A, B,C,i:

(3.6) AX (BxXxC)=—-A;B;(Ci+Cyj)+ (A,Cy + ArCy)B,i.
Each of these expressions is something simple in terms of the vectors in (3.4):

(3.7) A,B, =A-B, A, Cy+ A Cr=A-C,
' Cri+ Cyj = C, B:i = B.

Using (3.7) in (3.6), we get

(3.8) AxBxC)=(A-C)B-(A-B)C.

This important formula should be learned, but not memorized in terms of letters,
because that is confusing when you want some other combination of the same letters.
Learn instead the following three facts:

The value of a triple vector product is a linear combination of the
two vectors in the parenthesis [B and C in (3.8)]; the coefficient of
each vector is the dot product of the other two; the middle vector
in the triple product [B in (3.8)] always has the positive sign.

(3.9)




Vx(VXB) = uoeoV 0
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Wave Equation for Magnetic Field




In vacuum, electromagnetic field only come from induction. “

E, B both satisfy Wave Equation (no trace of charge and current)!

27 _ 02E+021§+025 0%
~ox2 T ay? " 9zz  Hofogez

2B  09%B 0°%B 92B
= + +

922 T 9v2 T 92 Mo%ﬁ 3D version of wave equation
X y 7

V2B

The equations mean all the components of E and B satisfy wave equation, such as:

0°E, 0°E, O0°E 0°E
2 x x x x
ViEx =552 T2 Yoz T Hefo g

It could describe, for example, EM wave radiated from a dipole antenna.
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K 727 Wave Equation  Equation of motion satisfied by all wave phenomena.

1 52y . aZy 1 azy . m
Viy = — 3D version 027 = 2372 1D version

Partlcle movement

Wavelength (in m)

oummmuunumooooooommmmommm

Expansion

~ Compression ~ Amplitude ( m)

The above derivation 1s one of the greatest scientific achievements of all
times. The electric and magnetic field can exist in vacuum without charge or
current and they satisfy the same wave equation as string wave, sound wave
and earth wave. The insights we learn from those waves will apply to
electromagnetic wave as well.



We will concentrate on the 1D version (not really in 1D).

d

Consider a special version of EM wave with E in y and B in z directions.
This wave will move in x direction, and we allow E, B to be only x dependent.
E,(x,t),B,(x,t)
They are constant on the y — z plane, and this wave is called Plane Wave.
\l 2E _ 0%E . 0%E . 0’E _ e 0%
dx2  9y?  09z2 %70 g¢2
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E,(x,t),B,(x,t)

| 9%E, e d2E,
o ox2 070 ot2
MoE (=

BB ,L by e d%B, 3%B,
i gxz _ Hobo 50

0°¢ _ 10°¢

0x2 v? 0t?

1

v 1s the wave speed.

VHo€o

Electric field and Magnetic field satisfy wave equation and will wave like all waves!



EM Wave speed 1s determined by two constants in Maxwell equations. (‘

1
VHo€o

v =

1
 V1.26x10-6 - 8.85x10-12

v e || %

Light is an electromagnetic wave.
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Magnetic Field Electric Field

~2.99%10%m/s

Field Lines Around a Bar Magnet






PART VL

ELECTROMAGNETIC THEORY OF LIGHT.

(91) At the commencement of this paper we made use of the optical
hypothesis of an elastic medium through which the vibrations of light are
propagated, in order to shew that we have warrantable grounds for seeking,
in the same medium, the cause of other phenomena as well as those of light.
We then examined electromagnetic phenomena, seeking for their explanation in
the properties of the field which surrounds the electrified or magnetic bodies.
In this way we arrived at certain equations expressing certain properties of
the electromagnetic field. 'We now proceed to investigate whether these pro-
perties of that which constitutes the electromagnetic field, deduced from electro-
magnetic phenomena alone, are sufficient to explain the propagation of light
through the same substance.
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These electromotive forces are due to the variations either of the electromagnetu-: or

the electrostatic functions, as there is no motion of conductors in the field ; so thaq:tﬂg
equations of electromotive force (D) are s

. e
e

dG dv
Q= i —W’

J

~ (04) Combining these equations, we obtain the following i—
F(G=V'F )+ (G 4+ 5p) =0,
H(5=7"8) + s (Gt 5op) =0,
k(g—v-ﬂ)+4m(§§—+% =0. |

If we differentiate the third of these equations with respect to y, and the second with .
respect to z, and subtract, J and ¥ disappear, and by remembering the equations (B) of -2
magnetic force, the results may be written s

PR
EV o =dap—x pa,
=
kY pf=dmp gz pp,
3 g
KV iy =Amp 5y |

(96) If we assume that «, 8, y are functions of lz4-my+nz—Vi=uw, the first equa-

k,,g_:gpgv-%;, il s e e

or V=i..-é.....‘.......(71)

The othe_r.e{;ugt'ipns give the same value for V, so that the wave is propagated in either
direction with a velocity V. . '




(95) If we assume that a, 8, y are functions of le+my+nz— Vi=w, the
first equation becomes

d’a

d’a 2171
[ b 4o’V 7 ARSI LITEI ST P LTI RTPRIPPTRY (70),
or V=4 TP e (71)
47# e .s L4

The other equations give the same value for ¥, so that the wave is propa-
gated in either direction with a velocity V.

This wave consists entirely of magnetic disturbances, the direction of mag-
netization being in the plane of the wave. No magnetic disturbance whose
direction of magnetization is not in the plane of the wave can be propagated
as a plane wave at all.

Hence magnetic disturbances propagated through the electromagnetic field
agree with light in this, that the disturbance at any point is transverse to
the direction of propagation, and such waves may have all the properties of
polarized light.

(96) The only medium in which experiments have been made to determine
the value of % is air, in which p=1, and therefore, by equation (46),

By the electromagnetic experiments of MM. Weber and Kohlrausch ¥,
2=310,740,000 metres per second



The velocity of light in air, by M. Fizeau's* experiments, is
V'=2314,858,000 ;
according to the more accurate experiments of M. Foucault t,

¥'=298,000,000.

The velocity of hght in the space surrounding the earth, deduced from
the coeficient of aberration and the received value of the radius of the earth’s
orbit, is

V' =308,000,000.

(97) Hence the velocity of light deduced from experiment agrees sufficiently
well .with the value of v deduced from the only set of experiments we as yet
possess. The value of » was determined by measuring the electromotive force
with which a condenser of known capacity was charged, and then discharging
the condenser through a galvanometer, so as to measure the quantity of electricity
in it in electromagnetic measure. The only use made of light in the experiment
was to see the instruments. The value of ¥V found by M. Foucault was
obtained by determining the angle through which a revolving mirror turned,
while the light reflected from it went and returned along a measured ‘course.
No use whatever was made of electricity or magnetism.

The agreement of the results seems to shew that light and magnetism
are affections of the same substance, and that light is an electromagnetic dis-
turbance propagated through the field according to electromagnetic.laws.




Consider a large number N — oo of particles coupled by springs.

We will show equation of motion for coupled springs becomes wave equation.

. (n+1)d
0 d 2d (j-1d jd (j+1)d (n=-1)d nd =L
m m m m m m m
- ®--------- ® ° ®---—----- - ®
1 2 j-1 J 7+1 n—1 n

N > o00,d -0 Continuous limit

Expansion

Amplitude

Direction

> | E—
Wavelength Compression

<
<

Elastic continuous medium

Wavelength (in m) Partlcle”m‘c‘)vement

oommmmummmooomoommummoom

Expansion

— . Amplitude (in m)



For large number N coupled springs: Equation of motion:

dZXj
M2 = —k(% = xj-1) + k(%41 — x7)

2 -1 0 - 0\ /%
42X -1 2 -1 00| [}
| K

00 0 - 2/ \xy

x; 1s the displacement of jth particle away from its original positions jd.

_ (n+ 1)d
0 d 2d (j-1d jd (j+1)d {(n-1)d nd =L
3 m m m m m m m
- ®------—--- ° ° ®----~--- - ®
_>x_
1 2 j=1 J ]j+1 n—1 n




X1
‘ —_— > (n+ 1)d R
0 d 2d (j-1)d jd (j+1)d (n-1)d nd =1 ’
b e . o .- - .o x=1\|%
1 2

When the number N of particles 1s huge, column vector is no longer convenient.
We assign displacement x; of jth particle as a function of its original positions jd
$(d) = x;, j=1--N
When N — oo,d — 0, discreet locations becomes continuous variable x:

jd - x ¢(jd) = x; > p(x)
Now ¢ (x) is displacement of the particle whose equilibrium position is x.
It is also time dependent: ¢ (x, t).

We get a two-variable function, called wavefunction.



n+
dZ 0 d 2d (j-d jd G+ 1)d (n-1)d nd =L
X m

j AT o o-——----- — o
m g5z = +k(x] x-) — k(xj — xj_l) L, JE
From the equation of motion of coupled springs

we plug in the new notation:

dZ
P — k(@ + @)~ p(@D) ~ k($() — $(dj - )

Divide the difference of displacements ¢ by the separation d.
Ap(dj) Ap(dj — d)

= +kd T kd - Become derivatives as d = Ax — 0.
dp . do : o . .
— kd [d— (dj) — T (dj — d)] Difference of derivatives at neighboring sites.
X X
do¢
— Jed? dx It equals the derivative of derivative.
Ax
d2¢ Finally d?¢ kd?* d*¢ v = Kd = \/;
= kd? —— — — m/d
= k2= (@) -, D)= (@) Jma= i
2 2
¢ is differentiated as x = dj 1s fixed, being partial differentiation 6t¢
qb 2¢ <I5
Same for — — , differentiated with fixed t. == (x,t) = v? > (x, t)

62
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These coils displaced to
right at instant shown.




Coupled Springs

(n+1)d

(-Ld jd  (j+1)d (n-1)d =nd =L
m m m m m

P& t=0

Electromagnetic Wave

t= ;7
T/’ and all other waves
T

Schrodinger Electron Wave

-
e
-
(3,1,0)

¥
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Solve Wave equation to find its solutions. “

If nature follows wave equation, its solution describe natural phenomenon.

The first (easiest) of the two ways to solve wave equation:

0%y 1 9%y

dx2  v2 9t2

LUNEEH 2@ =0 LMY @ f (e — i)




%y 1 0%y . :
= M ITREZ
axz  v?otz (‘
Plug in the expression, which means it is only function of x" = x — vt.

y(x,t) = f(x —vt) = f(x') x'=x— vt

@ — df 'dx — af fix t and use chain rule. dx
dx dx' dx dx’'

dx
azy_ d df_dx’ d df
0x2 dxdx’ dx dx'dx'
dy df dx' df dx’

— . (—v) 1ix x and use chain rule.
ot dx' dt dx

— —p with x fixed

dt
2y d df : )_dx’ d df )

9tz _dtdx ~ " dt dide v \g

0%y 1 9%y

dx2  v2 t2
Indeed, what we guessed is a solution of wave equation !
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Function f(x) ist = 0 wave formatt =0 o

y(x,t=0) = f(x —v-0) = f(x) (J

The wave moves horizontally,
but a string particle moves

\‘ .

7 only vertically. .

Wave at ]
t=20 'NE
— ¥
X
|
I vt
|
Ay :
1
t |
|
— X

y(xrt) :y(x_VtJO) :f(x_vt)

Later time t, wave at x equals wave at t = 0 at location x — vt.

Hence f(x — vt) means wave form f(x) is moving at speed v as we expected.

O Oy !




Longitudinal Wave






https://www.facebook.com/watch/?v=492234720628603
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/ N 3
Electric ~Magnetic
component component

E(x,t) = E,, sin[k(x — vt)] = E,, sin(kx — wt)

=€

=fA=c

f(x) = E,, sinkx

E(x,t) = cB(x,t)
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0 0.20 0.40 0.60 0.80 1.00



I E #E

MITREZUERMETTREZC - B T R 2RISR R AR ES 2R T R ZCH Y

0%y, 10y, 9%y, iaz)’Z - 0%(y1 + y2) _ 1 0°(y; +y,)
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d

VR R PN B @ fiEd' Alembert solution ¢ y(x,t) = f(x — vt) + g(x + vt)
D, (m) t=20
A
0.30

0.20 -

0.10

0

0 0.60 0.80 1.00

0.20
iy (x/(g ) BlRAAE () ERERRIBHR A

The wave form propagates at constant wave speed.

The wave form does not change during propagation.

o
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Propagating wave
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Wave at .
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TELLERLSINE © REBHYZ ALY (x, 0) - RELGHYZEE B 7[R ZE —y(x 0)

Hy(x, O)EZ - (o, O)IEAF P LA S WA {E KR = y(x, 0) = f(x) + g(x)

y(x, 0),5 (x,0) & f(x), g(x) E ” (x,0) = v[f'(x) — g'(x)]

RIEEHf (%), g ) 1520 & T7 12 2R REAR R R A M —f# -
y(x,t) = f(x —vt) + g(x + vt)



